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Magnetic resonance imagingAbstract Purpose: To evaluate the diagnostic accuracy of in-phase/opposed-phase quantitative
chemical shift magnetic resonance (MR) imaging of the spine and to determine the cutoff value that
enables differentiation of malignant from benign compression fractures, in patients with known pri-
mary malignancy.
Patients and methods: Prospective assessment of thirty-two patients with known primary malig-
nancy who presented with vertebral compression fractures, MR imaging of the spine at 1.5 Tesla
with standard conventional MR sequences and additional chemical shift (in-phase/opposed-phase)
imaging was done. Quantitative image analysis by drawing regions of interest (ROI) on the abnor-
mal marrow of compressed (study group) and adjacent normal vertebra (control group) was also
performed in each patient. The signal intensity ratio (SIR) of the marrow was determined by divid-
ing the mean signal intensity on the opposed-phase to the mean signal intensity on the in-phase
images and statistical analysis was performed.
Results: Mean SIR of benign vertebral compression [0.73 ± 0.07 (range 0.12–1.2)] was signiﬁcantly
lower than malignant SIR values [1.72 ± 0.14 (range 0.8–2.96)] (p< 0.0001; area under the ROC
curve, 0.97). The optimal SIR cutoff value for separating benign andmalignant vertebral compression
was found to be 0.91 with a calculated sensitivity of 93%, speciﬁcity of 82% and accuracy of 88%.
Conclusion: Quantitative chemical shift MR imaging could be a valuable addition to standard MR
imaging techniques and represent a rapid problem solving tool in differentiating benign from malig-
nant vertebral compression, especially in patients with known primary malignancies.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Atraumatic and posttraumatic vertebral compression fractures
in patients with known primary malignancy are a common clin-
ical problem, particularly in elderly patients. In spite of osteo-
porosis being the commonest cause of compression fractures at
780 D.Z. Zidan et al.this age, the spine also is a common site of metastases, with
about 39% of all bone metastases occurring in the spine (1,2).
Such metastases may result in a pathologic fracture (3).
Differentiation of pathological compression fractures from
benign compression ones, deﬁnitely affects clinical staging,
treatment strategy and prognosis in patients with known
malignancies (4).
Although conventional magnetic resonance (MR) imaging
represents a sensitive method in the assessment of bone mar-
row, sometimes it lacks speciﬁcity (5).
In-phase/opposed-phase chemical shift imaging which
assesses the presence of water and fat in a tissue voxel at the
molecular level, has been used extensively and successfully in
imaging of the adrenal glands and liver, however, a few studies
only have assessed the beneﬁt of this technique in MR imaging
of the spine (6).
Based on the fact that fatty marrow is still present in benign
vertebral compression fractures, while it has been replaced and
inﬁltrated in malignant fractures, the differentiation of these 2
processes should be possible with in-phase/opposed-phase
chemical shift imaging (7).
The aim of our study was to evaluate the diagnostic accuracy
of in-phase/opposed-phase quantitative chemical shift imaging
of the spine and to determine the cutoff value that enables dif-
ferentiation of malignant from benign compression fractures, in
patients with known primary malignant neoplasms.
2. Patients and methods
2.1. Patients
During an 18-months period from June 2012 to January 2014
thirty-two patients with primary tumors, 19 men and 13
women aged 44 to 68 (mean, 56) years, presenting with back
pain and/or a neurological deﬁcit after no or minimal trauma
(e.g., falling from a standing height) were enrolled in this pro-
spective study at the Ain Shams University Hospital MRI
Unit.
Patients with diffuse marrow inﬁltration were excluded
from the study group, because we needed normal appearing
vertebra to be used as control sites in each patient.
Five of our patients had radiotherapy (XRT) for previous
vertebral metastases, within 1 year previous to the study. The
rest of the patients had no previous history of metastases to
vertebral column.
Primary tumors included breast cancer (n= 9), lung cancer
(n= 6), colorectal cancer (n= 4), prostate cancer (n= 4),
bladder cancer (n= 3), stomach cancer (n= 2), hepatocellular
carcinoma (n= 2), laryngeal cancer (n= 1) and sarcoma
(n= 1).
They underwent MRI to assess the underlying pathology of
the already diagnosed vertebral compression fractures, by
either plain radiography, computed tomography, or bone scin-
tigraphy. The interval from presentation to imaging ranged
from 1 to 90 (mean, 54) days.
All patients provided a written consent for the MRI studies.
2.2. MR imaging protocol
All imagings were performed using a 1.5 Tesla MR scanner
(Achieva; Philips Medical Systems, Bothell, WA, USA) anda phased-array spine coil. The following conventional pulse
sequences were used for all patients: sagittal and axial
T1-weighted spin-echo, sagittal and axial T2-weighted fast
spine echo, sagittal short inversion time inversion-recovery
(STIR) and contrast-enhanced sagittal and axial T1-weighted
sequence with fat suppression. The TR/TE values used in
T1- and T2-weighted imaging were 424/10 and 3000/100,
respectively, while STIR images were obtained by using
3761/80 (TR/TE).
Other key imaging parameters acquired were as follows:
slice thickness, 4–5 mm; gap 0.5 mm; ﬂip angle, 90; ﬁeld of
view (FOV) 300 mm2 for sagittal images and 200 mm2 for axial
images.
In addition to these sequences, sagittal in-phase (TR/TE,
10/4.6; slice thickness, 4 mm; gap, 1 mm; ﬂip angle, 15;
FOV, 300 mm2 and the imaging duration was 14.1 s) and
out-of-phase gradient recalled-echo sequences (TR/TE, 10/2.
3; slice thickness, 4 mm; gap, 1 mm; ﬂip angle, 15; FOV,
300 mm2 and the imaging duration was 13.6 s) were added to
the protocol. The duration of the extra chemical shift
sequences was 28 s.
Twenty-nine out of 32 patients received intravenous
0.1 mmol/kg of Gadolinium-DTPA as part of the routine pro-
tocol of oncology patient at our MRI unit. Three out of 32
patients did not receive intravenous contrast because of severe
renal insufﬁciency.2.3. Image analysis
All images were then sent to a workstation (HPZR 24W; Phi-
lips Medical Systems). Image interpretation was performed in
consensus by two radiologists, each with more than 5 years of
experience in musculoskeletal MRI. During image interpreta-
tion they did not have any knowledge of the clinical history,
previous radiologic or pathologic results.
Areas within the compressed vertebral bodies that were of
abnormal signal intensity on T1, T2 weighted and STIR
sequences were identiﬁed on the in-phase and out-of-phase
sequences. A region of interest (ROI) was applied to contain
the abnormal area on the in-phase images and copied into
the computer memory to be pasted onto the out-of-phase
images. In case of multiple compressed vertebrae only one rep-
resentative lesion was used per patient.
In each compressed vertebra 3 ROI were applied to
measure the signal intensity that was expressed as
mean ± standard deviation (SD). The average signal intensity
value of the three regions of interest was calculated and
recorded for both in-phase and out-phase sequences.
In addition to the abnormal marrow signal intensity of
compressed vertebra, signal intensity in normal bone marrow
of non compressed vertebra was measured and recorded as
control sites in each patient.
The signal intensity ratio (SIR) of the marrow mean signal
intensity on the opposed-phase to the mean signal intensity on
the in-phase images was calculated and recorded for each com-
pressed (study group [benign and malignant]) and adjacent
normal vertebra (control group) to quantitatively estimate
the change that occurred in the signal intensity of normal
and abnormal marrow, with out-of-phase image.
The patients were followed for at least 6 months; the ﬁnal
clinical diagnosis was used as the ‘‘gold standard’’ to classify
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results of radiologic and clinical follow-up for at least
6 months or biopsy results.
The malignant nature of the fractures was established by
progressive deterioration of a fractured vertebra or newly
developed other spinal metastases at follow-up MR imaging,
computed tomography, bone scintigraphy, or plain radiogra-
phy. When the ﬁndings of follow-up radiologic studies did
not progress or if the abnormal signal intensity of the com-
pressed vertebra was resolved and reconstitution of normal
marrow signal was monitored, the fracture was considered to
be a benign compression fracture.
2.4. Statistical analysis
Means and SDs for the signal intensity ratios (SIR) were eval-
uated and compared between 3 groups, namely normal verte-
bra (control group), benign and malignant lesions of
compressed vertebra (study group) using the one-way analysis
of variance (ANOVA) test. Student t test was also used to
compare between (2 groups) benign and malignant calculated
SIR. Receiver operating characteristic analyses (ROC) were
performed to determine the optimal SIR cutoff value for the
separation of benign and malignant vertebral compression.
The diagnostic validity test was done for chemical shiftFig. 1 45-year-old man, a known case of bronchogenic carcinoma, pr
chemical shift MRI sequences revealed benign vertebral compression c
inﬁltration. Conventional MRI (A) sagittal T1-weighted spin-echo (B)
vertebral body compression with mild convex retropulsion and mild bo
gradient-echo MR images show a marked signal dropout of the compr
image compared with in-phase. Mean signal intensity in in/phase =
indicating the presence of fat and conﬁrming the benign nature of com
0.59.magnetic resonance imaging in differentiating benign from
malignant vertebral compression and included the diagnostic
sensitivity, speciﬁcity and diagnostic accuracy.
For statistical analysis, the computer software program
Graph-Pad Prism 6 for Windows version 6.03(GraphPad Soft-
ware, San Diego, CA, USA) was used. Box plot analysis, a gra-
phic representation of summary SIR values was performed. A
probability of error (p value) of less than 0.05 was considered
to indicate a statistically signiﬁcant difference.
3. Results
In our study group of 32 patients, 17 of the 32 patients, had
benign compression fractures and 15 patients had metastatic
lesions. Normal appearing vertebrae, being assessed as a con-
trol, were evaluated in all the 32 patients.
Multiple compression fractures were seen in 8 of the 17
benign fractures, and 9 of the 15 of the metastatic fractures.
3.1. Control vertebrae
All normal vertebrae exhibited a signiﬁcant dropout in the sig-
nal intensity on out-of phase images compared with in-phase
images. The mean signal intensity ratio for normal bone mar-
row was 0.51 ± 0.14 (range 0.12–0.7).esented with back pain after falling from height. Conventional and
onﬁrmed with 6 month follow up negative MRI study for marrow
sagittal T2-weighted spin-echo and (C) sagittal STIR shows D12
ne marrow edema. Chemical shift MRI (D) in/phase (E) out/phase
essed (arrows) as well as normal vertebral marrow on out-of-phase
553.3 and 413.05 in out/phase with calculated mean SIR = 0.76,
pressed D12 vertebra. Mean SIR of control normal vertebra was
782 D.Z. Zidan et al.3.2. Pathological vertebrae
3.2.1. Benign vertebral compression
Seventeen of the 32 patients, had benign compression fractures
due to osteoporosis (n= 9), posttraumatic (n= 5) and spond-
ylodiscitis (n= 1). In 15 of these patients, the compressed ver-
tebrae lesions were diffusely hypointense on T1-weighted
images and hyperintense on both fast spin-echo T2-weighted
and STIR images (Figs. 1 and 2). In the remaining 2 patients,
(these patients had previous radiotherapy for vertebral metas-
tases) the marrow of compressed vertebrae was hyperintense
on both the T1WI and T2WI. In nine out of the 17 patients,
contrast enhancement occurred on the post contrast T1-
weighted fat-suppressed images (Fig. 3).
As regards the chemical shift images 14 out of 17 benign
compression showed a signal dropout on out-phase when com-
pared to in-phase images (Fig. 1). The signal intensity ratio
range for those 14 benign lesions was (0.12–0.9) and in the
remaining 3 benign compressed vertebrae, where no signal
dropout was elicited (Fig. 2), the recorded SIR range was
(1.14–1.2).
The mean signal intensity ratio for this group was
0.73 ± 0.07 (range 0.12–1.2) (Table 1 and Fig. 5).
3.2.2. Malignant vertebral compression
Fifteen patients had metastasis to the spine. Hypointensity was
shown on the T1-weighted images in 12 patients, while in 3
patients, the lesions were isointense on the T1-weighted image.
In 13 patients, hyperintensity was shown on the T2-weighted
and STIR images, whereas hypointensity was shown on theFig. 2 52-year-old female with history of cancer breast, presented wit
weighted spin-echo (B) sagittal T2-weighted spin-echo and (C) sag
hypointense fracture line and extensive bone marrow edema. Chemica
show compressed vertebral marrow appearing brighter on out-of-ph
intensity in in/phase = 598.4 and 752. 1 in out/phase with calculated m
6 months follow up MRI study revealed restoration of normal marro
despite the false positive quantitative chemical shift imaging results.images in the remaining two patients. Enhancement was noted
on the contrast-enhanced T1-weighted fat-suppressed images
in all patients (Fig. 4). In 14 out of 15 malignant vertebral
compressions no signal dropout on out-of-phase images was
noted (Fig. 4). Only 1 malignant lesion showed a signal drop-
out on the out-of-phase image when compared to in-phase
image with recorded mean SIR 0.8. The mean signal intensity
ratio for the malignant group was 1.72 ± 0.14 (range 0.8–2.96)
(Table 1 and Fig. 5).
The mean signal intensity ratios for the benign compression
fracture group and the normal marrow control group were sig-
niﬁcantly lower than SIR values for the malignant group
(p< .0001 and p< .0001, respectively). No signiﬁcant differ-
ence existed between the mean signal intensity ratios for the
benign compression fracture group, and the normal marrow
group (p= 0.61).
Receiver operating characteristic analyses (ROC) deter-
mined the optimal SIR cutoff value to be 0.91 and area under
the ROC curve, 0.97.
If a SIR of 0.91 as a cutoff is applied, with >0.91 indicating
malignant result and <0.91 deﬁned as a benign result, quanti-
tative chemical shift in-phase/opposed-phase imaging correctly
elicited 14 of 15 malignant lesions and 14 of 17 benign lesions
with a sensitivity of 93%, speciﬁcity of 82% and accuracy of
88%.4. Discussion
Vertebral compression fractures are frequently seen in elderly
patients. These fractures can be of either a benign or malignanth back pain after minor trauma Conventional MRI (A) sagittal T1-
ittal STIR show D12 vertebral body compression with oblique
l shift MRI (D) in/phase (E) out/phase gradient-echo MR images
ase image compared with in-phase image (arrows). Mean signal
ean SIR = 1.26. Mean SIR of control normal vertebra was 0.38.
w signal to conﬁrm the benign nature of the compressed vertebra
Quantitative chemical-shift MR imaging cutoff value 783cause (8). This represents a major clinical problem especially in
patients with a history of malignancy, yet with no evidence of
osseous metastases anywhere else in the body (9).
When areas of abnormal signal intensity are detected in
patients with known malignancies, on conventional images,
an important question arises which is whether or not there is
an underlying inﬁltrative marrow process replacing the normal
marrow.
In an attempt to differentiate between benign and
malignant compression fractures, we applied in-phase/
opposed-phase quantitative chemical shift imaging. This tech-
nique takes advantage of the unequal precession frequencies of
fat and water protons, which are available and abundant in
vertebral marrow (6,7).
At 1.5 T, fat and water protons are in phase with each other
at a TE of 4.6 ms, and opposed 180 at a TE of 2.4 ms (10,11).
Because of this, the presence of roughly equal amounts of fat
and water in the normal marrow, results in a suppression in
the signal intensity on opposed phase images (10,12).
In benign compression fractures, in spite of signal intensity
on the conventional spin-echo sequences being abnormal, a
marrow-replacing process has not occurred. The presence of
normal marrow fat causes a suppression in the signal intensity
on opposed-phase images (Figs. 1 and 3), while, in pathologic
fractures, the normal fat-containing marrow has been replaced
with tumor, which results in the lack of signal suppression on
the out-of-phase images (9) (Fig. 4).Fig. 3 68-year-old female, a known case of sarcoma with history of
follow up bone scan conﬁrmed the successful response to radiothera
compression collapse of L2 and L3 vertebrae. Conventional MRI (A) s
(C)sagittal STIR show marked compression of L2 and L3 vertebral bod
contrast-enhanced T1-weighted fat-suppressed MR image shows enhan
marrow inﬁltration or acute enhancing edema. Chemical shift MRI (
dropout of the markedly collapsed vertebral bodies on out-of-phase im
phase = 523.4 and 221.05 in out/phase with calculated mean SIR = 0.4
benign nature of the compressed vertebra. Mean SIR of control no
abundant fatty marrow inﬁltration of sacral and lumbar vertebrae, di
nature was conﬁrmed by their high signal intensity on the T1WI.Our results showed that chemical shift MR imaging, was
helpful in differentiating neoplastic from non neoplastic signal
abnormalities in the bone marrow.
Despite the fact that some investigators, as Disler et al. (7)
have found visual assessment to be very similar in accuracy to
quantitative assessment and expression of signal intensity
ratios, we totally agree with Zajack and colleagues (5), who
noted that we should not depend on visual conspicuity, as in
the presence of MRI technology advances, quantitative analy-
ses are widely available and would deﬁnitely be more precise.
We expressed the ﬁndings of our study in the form of a
ratio, which compared the signal intensity in the abnormal
bone marrow on the out-of-phase and in-phase images. This
signal intensity ratio was calculated as the mean signal inten-
sity on out-of-phase images divided by the mean signal inten-
sity on the in-phase images. By using this formula which was
also used in other studies (9,13), we calculated a mean signal
intensity ratio of 1.72 ± 0.14 (range 0.8–2.96) for the neoplas-
tic group and 0.73 ± 0.07 (range 0.12–1.2) for the benign
group (P< .0001). Using ROC analysis, we identiﬁed a SIR
cutoff value of 0.91 between benign and malignant vertebral
compression fractures, which is higher than that reported by
Erly et al. (9), namely 0.8, but less than the cutoff value of 1
reported by Ogura et al. (13).
In this study a SIR cutoff value of 0.91 resulted in 93% sen-
sitivity, 82% speciﬁcity and 88% accuracy in the discrimina-
tion between benign and malignant vertebral compressionmetastases to L3 & L4 vertebral bodies received radiotherapy and
py, later she presented with back pain and plain X-ray revealed
agittal T1-weighted spin-echo (B) sagittal T2-weighted spin-echo &
y with mild bone marrow edema noted on STIR image (D) Sagittal
cement of the compressed vertebrae which could be attributed to
E) in/phase (F) out/phase gradient-echo MR images show signal
age compared with in-phase (arrow). Mean signal intensity in in/
2, indicating the presence of fat and water (edema), conﬁrming the
rmal vertebra (D10) was 0.38. Note that radiotherapy induced
d not dropout on out-of-phase image (arrowhead), yet their fatty
Table 1 Mean signal intensity ratio values for normal (control
group), benign and malignant (study group) marrow lesions.
Group Mean SIR ± SD Range
Control 0.51 ± 0.14 0.12–0.7
Benign 0.73 ± 0.07 0.12–1.2
Malignant 1.72 ± 0.14 0.8–2.96
SIR = signal intensity ratio.
SD = standard deviation.
784 D.Z. Zidan et al.fractures. These results were in concordance with Disler et al.
(7) who reported 89% sensitivity and 80% speciﬁcity, and with
Erly et al. (9) who reported a 95% sensitivity and 89%
speciﬁcity.
These results however, differ from the results of another
study by Geith et al. (14), in which 69.2% of all osteoporotic
fractures showed a hyperintense signal on opposed phase
images (false-positive). They did not ﬁnd a signiﬁcant differ-
ence in SI on the opposed-phase images of benign and malig-
nant vertebral fractures, and were able to reach a sensitivity of
only 50%, and a speciﬁcity of 88.5%. In an attempt to explain
their results, they noted that this ﬁnding could be attributable
to the fact that an equal amount of 50% fat and 50% water is
not always present in benign fractures because of edema,
resulting in more or less of a hyperintense signal on the
opposed-phase images.Fig. 4 48-year-old female with cancer breast underwent right radic
bilateral sciatica. Conventional MRI (A) sagittal T1-weighted spin-e
compression (arrow) and L3 anterior wedging with diffuse low signa
enhanced T1-weighted fat-suppressed MR image shows subtle hetero
MRI (D) in/phase (E) out/phase gradient-echo MR images show no
images. Compressed vertebral marrow appear bright on out-of-phase i
phase with calculated mean SIR = 1.3. Note the marked signal dropou
with in-phase sequence with calculated mean SIR = 0.3.Some overlap in the signal intensity ratio between the
malignant and the benign compression fractures, also occurred
in our study, as benign lesions in 3 patients had a ratio greater
than 0.91 and a single malignant lesion in one patient had a
value less than 0.91.
The false positive results were seen in 3 patients (9%), 2 of
them had acute posttraumatic vertebral compression with mas-
sive bone marrow edema that did not show signal dropout on
out-of-phase sequence due to abundant water, however, the
edema did appear clearly on the T2WI and STIR sequences
(Fig. 2). One of the 3 patients had a previous history of radio-
therapy for vertebral metastases. These lesions did not drop in
signal on out-of- phase images, as the marrow was dominated
by fat, and water and fat no longer co-existed in such lesions.
Meanwhile the presence of fatty marrow was easily recognized
on conventional T1W1 by its high signal intensity. Another
false positive pitfall, reported by other authors (15) but not
encountered in our study was marrow ﬁbrosis.
In our patient population 14 out of 15 malignant vertebral
compressions did not show a signal dropout on out-of-phase
images. The only malignant vertebral compression fracture
that was classiﬁed as benign (false negative) was due to densely
sclerotic metastasis from cancer breast that showed susceptibil-
ity artifact on out-of-phase sequence and an SIR of 0.8. This
was in agreement with Swartz et al. (15) who reported false
negative pitfalls due to dense sclerotic or fat containing
metastases.al mastectomy 3 years ago. Now she is complaining from severe
cho (B) sagittal T2-weighted spin-echo show L4 vertebral body
l on T1 and heterogenous signal on T2 WI (C) sagittal contrast-
genous enhancement of the compressed vertebrae. Chemical shift
signal dropout on out-of-phase image compared with in-phase
mage. Mean signal intensity in in/phase = 290.4 and 387.1 in out/
t of the normal cervical marrow on out-of-phase image compared
Fig. 5 Box and whiskers graph demonstrates differences in signal intensity ratios (SIR) between normal vertebrae (control group),
benign and malignant compressed vertebrae (study group).The line within box marks median value. Boundary of box closest to zero
indicates 25th percentile and boundary of box farthest from zero indicates 75th percentile. Whiskers indicate 10th and 90th percentiles
above and below box. Outlying points are also graphed.
Quantitative chemical-shift MR imaging cutoff value 785Although certain patterns of compression fractures on con-
ventional images can suggest a benign or malignant cause, an
overlap can exist in the appearance of both.
An important differentiating point, would be contrast
enhancement, as it was thought that once a compression frac-
ture enhances, then it deﬁnitely indicates an underlying malig-
nant inﬁltrative process. However, similar to another study (8)
we have seen an enhancement in 9 out 17 of benign fractures,
which all showed a drop of signal on the out of phase image
compared to the in phase image and a benign SIR, and were
proved benign on follow up of patients, indicating that we
can no longer rely on contrast enhancement for such differen-
tiation (Fig. 3).
Assessing marrow lesions with gradient echo in-phase and
out-of-phase MR imaging has many advantages. A major
advantage is that the technique can be performed rapidly.
Imaging with in-phase and out-of-phase gradient echo
sequences added only 28 s to total imaging time. In addition,
the technique is widely available; and is standard on most sys-
tems, nowadays.
One of the limitations of our study was the fact that in some
patients there was no immediate radiological–pathological cor-
relation, and we had to depend on a follow up of at least
6 months to conﬁrm the diagnosis. Another limitation was
the small number of patients studied due to our inclusion
and exclusion criteria.
A previous study, by Erly et al. (9) detected a return to
a benign SIR of a malignant lesion treated with XRT,
whereas the standard spin-echo sequences remained abnor-
mal. Following up of patients with proved malignant
compression fractures, treated with XRT, was beyond the
scope of this study, yet research regarding marrow healing
following radiotherapy and quantitative assessment of signal
intensity changes on in-phase/opposed-phase imaging may
prove to be an early marker for response to treatment of
osseous metastatic disease.
In conclusion, we suggest that quantitative chemical shift
MR imaging could be a valuable addition to standard MR
imaging techniques and represent a rapid problem solving
tool in differentiating benign from malignant vertebral com-
pression, especially in patients with known primary
malignancies.Conﬂict of interest
None declared.
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